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Three naive pigeons were exposed to a series of two-component multiple schedules of
response-independent food presentation. The component schedules were sometimes identical
(non-differential procedures) and sometimes different (differential procedures). High rates
of key pecking were nmaintained in all the differential procedures, and pecking decreased
substantially in non-differential procedures, even when the frequency of food presentation
in non-differential procedures was higher than in differential procedures. It is suggested
that the high rates of key pecking were maintained not by adventitious response-reinforcer
contingencies, but by differential contingencies between the stimulus (keylight) and food.
The role of such contingencies in the phenomenon of behavioral contrast is discussed.

If a pigeon that has been trained to peck on
an illuminated key to produce food is then
exposed to a procedure in which food delivery
occurs witlhout regard to its behavior (re-
sponse-independent food presentation), the
response is nevertheless maintained at non-
zero rates (Appel and Hiss, 1962; Edwards,
West, and Jackson, 1968; Herrnstein, 1966;
Herrnstein and Morse, 1957; Lachter, 1971;
Neuringer, 1970; Zeiler, 1968). Similar find-
ings have been reported with rats and bar
pressing (Edwards, et al., 1968; Lattal and
Mazey, 1971; Rescorla and Skucy, 1969; Skin-
ner, 1938, pp. 163-166). This phenomenon
has typically been explained as a corollary of
the effects of response-dependent reinforce-
ment (e.g., Herrnstein, 1966). Food presenta-
tion reinforces (increases in frequency) what-
ever behavior precedes it. Thus, any behavior
in whiclh a food-deprived organism is engaged
at the time of food delivery is more likely to
occur subsequently. If the next food presenta-
tion is soon forthcoming, there is an increased
probability that the behavior in question will
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again precede it. In this fashion, response-
independent food presentation can maintain
a given class of behavior. However, since an
explicit dependency between the behavior
and the food is absent, the organism at times
will obtain food with an appreciable delay
since the last occurrence of the behavior in
question, or immediately after engaging in
any of a number of different behaviors. Thus,
behavior other than the one being measured
will also be strengthened, which is consistent
with the observation that responding is main-
tained at a lower rate by response-indepen-
dent than by response-dependent food pre-
sentation.

However, an alternative account of the ef-
fectiveness of response-independent food pre-
sentation in maintaining key pecking in the
pigeon has been offered by Staddon and Sim-
mellhag (1971). They argued that the presence
of food in a situation, combined with a pi-
geon's state of food deprivation, will induce
the pigeon to peck in that situation. More-
over, they reported that while pigeons en-
gaged in a wide variety of behaviors in the
time intervals between response-independent
food presentations, in the time just before
delivery of the food, all pigeons were pecking.
They further suggested that the rate of peck-
ing is no lower when food delivery is response-
independent than when it is response-depen-
dent: the difference in pecking between the
two situations is that the locus of the peck is
more variable when food delivery is response-
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independent. What an explicit dependency
between pecking and food presentation does,
according to Staddon and Simmelhag, is de-
crease the variability of peck location, and
not increase the rate of pecking. The recorded
increase in pecking that experimenters in-
variably observe when an explicit dependency
is introduced is due to the fact that only pecks
directed at a particular location-the response
key-are being counted.
An implication of the Staddon and Simmel-

hag account is that food presentation, coupled
with an appropriate state of deprivation, di-
rectly enhances certain classes of (biologically
appropriate) behavior and that a response-
reinforcer dependency merely selects behavior
from among those classes. The major differ-
ence between the accounts of the effective-
ness of response-independent food presenta-
tion proposed by Herrnstein (1966) and by
Staddon and Simmelhag (1971) is that Herrn-
stein views food presentation as blindly
strengthening wlhatever behavior happens to
precede it, while Staddon and Simmelhag
view food presentation as directly determin-
ing what behavior will precede it.
Given that direct, or non-contingent effects

of food presentation2 enhance pecking, the
question arises as to what variables channel
pecking toward a particular locus, the re-
sponse key. Staddon and Simmelhag suggested
that explicit response-reinforcer dependencies
serve this function. However, another view
emphasizing stimulus-reinforcer contingencies
similar to those of classical conditioning has
been suggested in a ntumber of sttudies by
Gamzu and Williams (1971; see also, Gamzu,
1971). In a discrete-trial procedure, the illtumi-
nation of a pecking key was correlated with
a response-independent, or variable-time (VT)
schedule of food presentations, while the ab-
sence of the key was sometimes correlated
with the same VT schedule and sometimes
correlated with the absence of food. When
food presentations occurred only in the pres-
ence of the illuminated key (differential con-
dition), naive pigeons developed and main-
tained higlh rates of key pecking. When food

2"Non-contingent effects of food presentation"
should not be confused with "effects of non-contingent
food presentation". Non-contingent effects of food pre-
sentation miiay be present even when food presentation
is contingent on responding, and hence, also has con-
tingent effects.

presentations also occurred in the absence of
the illuminated key (non-differential condi-
tion), key pecking decreased.
The rates of responding observed by

Gamzu and Williams (1967) were substan-
tially higher than those obtained in other ex-
periments on response-independent food pre-
sentation (e.g., Neuringer, 1970; Zeiler, 1968),
despite the fact that the pigeons had never
been exposed to an explicit response-rein-
forcer dependency. Gamzu and Williams sug-
gested that this elevated response rate was
due to the response-key's role as an informa-
tive signal for the presentation of food.
The experiments of Gamzu and Williams

differ from those cited above in that their
procedures consisted of discrete trials. The
present experiment attempted to extend these
findings to a more typical free-operant situa-
tion. Naive pigeons were exposed to series of
multiple sclhedules of response-independent
food presentation. A multiple schedule is one
in whiclh the component schedules are in
force successively, each correlated with a dif-
ferent external stimulus. In some cases, the
component schedules were identical, (e.g.,
mult VT 33-sec VI 33-sec) so that the stimuli
on the key were not effective signals for food
presentation because the delivery of food was
equiprobable in the presence of both stimuli.
In other cases, the component schedules dif-
fered (e.g., mailt VT 33-sec EXT) so that the
stimuli on the keys were effective signals, in
that each stimulus was associated with a
different conditional probability of food pre-
sentation. In this way, the importance of the
stimulus-food contingency to the maintenance
of key pecking by response-independent food
presentation was assessed.

METHOD
Suibjects

Tlhree, experimentally naive Silver King
pigeons were maintained at 80% of their free-
feeding weight.

Apparatus
The center key of a three-key Lehigh Valley

pigeon chamber (Model No. LV 1519C) could
be illuminated with either red or green light;
the other two keys were covered with black
masking tape. The feeder was located below
the center key, and the houselight was located
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above the key. A deflector directed the light
from the houselight toward the ceiling of the
chamber. Automatic scheduling and recording
equipment were contained in another room.

Procedure
The pigeons were first trained to eat from

the feeder. They were then exposed, with no

prior key-peck training, to the series of multi-
ple schedules of food presentation listed in
Table 1. Eaclh of the component schedules in
force in a given multiple schedule was corre-

lated with a different color, either red or

green. (The color associated with component
Schedule 1 for a given multiple schedule is
indicated for each pigeon by the letter R or

G following the number of sessions. Schedule
2 was associated with the alternate color.) The
schedules of food delivery were of two types:
schedules in which food was presented, inde-
pendently of responding, separated by vari-
able intervals of time (VT 33-sec and VT 100-
sec schedules with intervals selected from geo-

metric frequency distributions); and schedules
in which food was never presented (EXT). It
is important to note that at no time in the
course of the experiment was the delivery of
food dependent on the occurrence of a key
peck.
Each daily session consisted of eighty, 27-

sec components, alternating between green
and red illumination of the center key. A food
presentation consisted of 4-sec access to mixed
grain, during whiclh time a light in the feeder
was illuminated and the houselight and key-
light were extinguished.

RESULTS

The six procedures examined in the pres-
ent experiment may be divided into two
classes: differential procedures (I, III, and V),

in which the schedules of food presentation
correlated with the two stimuli differed, and
non-differential procedures (II, IV, and VI),
in which the schedules of food presentation
correlated with the two stimuli were identi-
cal. Mean response rates for each pigeon
averaged across the last three sessions of each
procedure are given in Figure la. In calculat-
ing response rates, food presentation time was

subtracted from total time where applicable,
thus allowing for direct comparison of re-
sponse rates in all procedures. Each of the
pigeons began to peck the key in Procedure
I (witlh no training), and substantial rates of
pecking were maintained throughout the pro-
cedure. Pecking was maintained at a higher
rate on the VT schedule than on the EXT
schedule, though substantial responding oc-
curred in EXT as well. When the procedure
was changed to mult VT 33-sec VT 33-sec
(Procedure II), responding in both schedules
decreased dramatically (to zero in the case of
Pigeon 2853). This decrease in responding
occurred despite the fact that the frequency
of food presentation on one of the schedules
was unchanged, while the frequency of food
presentation on the other schedule was in-
creased (in fact, the number of food presen-
tations per session in Procedure II was twice
that in Procedure I).

Procedure III was a replication of Proce-
dure I, except that the stimuli correlated with
VT and EXT schedules were reversed. In
effect, the difference between Procedures II

and III is that the frequency of food presenta-
tion in one of the schedules was decreased
from 1.8 per minute to zero. Nevertheless, re-
sponse rate in that schedule increased for all
three pigeons, as did response rate in the
other schedule, which was unchanged. When
the schedules were again non-differential (Pro-
cedure IV), responding in both schedules
again decreased markedly.

ble 1

Summary of Procedures

Component Component P2853 P21 P21
Procedure Schedule 1 Schedule 2 # Sessions # Sessions # Sessions

I VT 33-sec EXT 15 (R) 15 (R) 15 (G)
II VT 33 VT 33-sec 18 (R) 24 (R) 33 (G)

III EXT VT 33 30 (R) 24 (R) 15 (G)
IV VT 33 VT 33 29 (G) 39(G) 39(G)
v VT 33 VT 100 21 (G) 21 (G) 24 (G)
VI VT 100 VT 100 45 (G) 48 (G) 15 (G)
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Fig. 1. (a) Responses per minute in each of the component schedules averaged across the last three sessions
of each procedure, for each of the pigeons. The component schedules are identified on abscissa. (b) Responses
per minute from the same sessions as in (a). Procedure II response rates are subtracted from Procedure I re-
sponse rates, IV and III, and VI from V. See text for further detail.
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In Procedure V, the possibility was exam-
ined that the effectiveness of the differential
procedure lay in the contrast between some
food and no food. In Procedure V, food was
presented in both schedules, but with differ-
ent frequencies (1.8 per minute and 0.6 per
minute). For Pigeons 85 and 21, the mult VT
33-sec VT 100-sec maintained substantially
more responding than the mult VT 33-sec VT
33-sec, even in the schedule in which the
frequency of food presentation had been de-
creased. The return to the non-differential
procedure (VI) differed from Procedures II
and IV in that it represented a decrease rather
than an increase in overall frequency of food
presentation. The effect of this procedure was
the same as Procedure II and IV, however;
responding decreased substantially.
To assess the effect of the differential pro-

cedure in maintaining responding relative to
the non-differential procedure, response rates
maintained on the non-differential procedures
were subtracted from response rates main-
tained on the immediately preceding differ-
ential procedures (I-II, III-IV, V-VI). The re-
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sulting response rates are plotted in Figure
lb. In all cases, response rate was higher on
a differential procedure than on its neighbor-
ing non-differential procedure.

Figure 2 presents a picture of the session-to-
session changes in responding across all the
procedures for Pigeon 85. Each data point
represents the mean response rate across a
three-session block. Though pecking was slow
to develop initially, subsequent changes in
procedure produced rapid, steady changes in
response rate.

DISCUSSION
The present data support and extend the

data obtained by Gamzu and Williams (1971)
as to the importance of the response key as a
signalling stimulus in the maintenance of
responding by response-independent food pre-
sentation. Only in the differential procedures,
in which the two stimuli were correlated with
different schedules of food presentation, thus
making the stimuli effective signals, was re-
sponding maintained. In addition, the mult

VT33" VT33 VTIOO
VT3" VTlOO" VTIOO
OF 3 SESSIONS

Fig. 2. Responses per minute in each of the component schedules for Pigeon
three sesions. Component schedules are identified on the abscissa.

85, averaged across blocks of
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VT-EXT procedure represents an extension
of the class of procedures by which key peck-
ing in the pigeon can be automatically shaped
(Brown and Jenkins, 1968).
An account of the maintenance of respond-

ing by response-independent food presenta-
tion in terms of the principles established in
the study of response-dependent food presen-
tation (Herrnstein, 1966) cannot explain the
present data. If key pecking were originally
established in Procedure I via adventitious
reinforcement, then one might expect the
increased overall frequency of food presenta-
tion in Procedure II to increase responding,
or maintain responding unchanged, but cer-
tainly not to decrease it. Moreover, the fact
that all three pigeons engaged in key pecking,
rather than some other behavior, makes it
unlikely that the effect of food presentation
is blindly to strengthen whatever behavior
precedes it.

Rather, an account of the effects of re-
sponse-independent food presentation along
the lines suggested by Staddon and Simmel-
hag (1971) is compatible with the present
results. The delivery of food to a hungry pi-
geon engenders pecking. That the response
key becomes the target of the peck is ex-
plained by the fact that the key stimulus is a
differential signal for food presentation.
When the effectiveness of the key stimulus as
a signal is eliminated (non-differential proce-
dure), key pecking, though not necessarily
pecking, declines.
However, the continued responding at hiigl

rates in component schedules associated with
lower frequencies of food presentation (i.e.,
EXT and VT 100-sec in Procedures I, III,
and V) raises the question of what precisely
are the conditions under which a stimulus
will be pecked at by the naive pigeon. One
possibility is that the key stimulus merely has
to be informative with respect to food, i.e.,
be unambiguously associated with a schedule
of food delivery different from that which ob-
tains in the absence of the stimulus. This
predicts that pigeons should peck at a key
that is clearly associated with the absence of
food. This is clearly not the case. Brown and
Jenkins (1968) reported very little key peck-
ing in a reverse-pairing auto-shaping proce-
dure, and Gamzu (1971) did not observe peck-
ing on a white key when food was delivered
only in the intertrial interval. Another pos-

sibility is that the key stimulus merely has to
signal food presentations, i.e., food is deliv-
ered during the key-stimulus presentation ir-
respective of whether it is available in the
absence of the stimulus and at what fre-
quency. This too is an insufficient condition
to engender or maintain key pecking, as is
particularly evident in the data of P85 and
P2853 in Procedures II and IV. Furthermore,
Brown and Jenkins (1968) did not obtain key
pecking on a continuously illuminated key
in the presence of which food was occasionally
delivered. Nor did Gamzu and Williams
(1971) observe key-pecking when food was
random with respect to the illumination of
the keys.
Thus, it appears that the necessary condi-

tions under which a key stimulus will educe
pecking in the naive pigeon are those in
which the stimulus in question is differen-
tially associated with a higher frequency of
food presentations than obtains in the ab-
sence of that stimulus. This is clearly the case
in this experiment and also in studies using a
trials procedure (Gamzu, 1971).

Nonetheless, pecking did occur during the
stimulus associated with the EXT and VT
100-sec components of Procedures I, II, and V.
One possible contributing factor is stimulus
generalization. Pecking during the intertrial
interval in auto-shaping procedures did not
occur if the key was dark, but did occur if the
key was illuminated with a color different
from the color during the trial (Brown and
Jenkins 1968, Experiment 3). Moreover, the
present data indicate that pecking at the stim-
ulus associated with the lower frequency of
food presentation developed only after the
pigeon was already pecking during the stim-
ulus associated with the higher frequency of
food presentation. Another possibility is that
this responding was maintained by changes
in the key stimulus to the one correlated with
the VT 33-sec component, which may oc-
casionally have followed a key peck closely in
time. The VT 33-sec stimulus may in turn
have served as conditioned reinforcer, by vir-
tue of its predictive value with respect to food
(see Egger and Miller, 1962).
The effectiveness of a stimulus-food con-

tingency in maintaining responding in the
present experiment raises questions about the
role of such contingencies in conventional
operant procedures, in which food presenta-
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tion is also response-dependent. It may be
that in all procedures in wlhich stimulus-rein-
forcer and response-reinforcer contingencies
influence the same class of behavior (e.g., key
pecking in pigeons) the two types of contin-
gencies have a mutually enhancing effect. The
phenomenon of positive behavioral contrast
(e.g., Reynolds, 1961) provides empirical sup-
port for this proposition. When a procedure is
shifted from mult VI VI to mult VI EXT, as
the responding of pigeons in EXT decreases,
responding in the VI increases. By the pres-
ent account, the change from mult VI VI to
mult VI EXT introduces a stimulus-reinforcer
contingency. This new source of control over
responding may well be responsible for the
positive contrast elevation effect. Moreover,
it may be that any experimental operation
that results in different conditions of food
delivery (not necessarily only frequency) in
the presence of different stimuli may have
similar effects on key pecking as long as food
presentations are part of the procedure. Such
operations would not necessarily generate key
pecking in naive pigeons but might affect
already established key pecking. Thus, for
example, changes from mult VI VI to mult
VI VI + punishment (Brethower and Reyn-
olds, 1962) might produce contrast because
the stimuli signal different conditions of rein-
forcement, rather than different frequencies
of reinforcement. For similar reasons, mult
VI DRL schedules might be expected to pro-
duce contrast (Terrace, 1968). This more gen-
eral view, which proposes to account for these
diffei-ent contrast-prodcucing procedures, im-
plies that whenever a stimulus is unambig-
uously associated with some later event, it
will exert control over the class of behavior
that the later event directly influences. Thus,
in the present experiment, that the key is a
differential signal is responsible for its control
over behavior, but that it is a differential
signal for the presentation of food accounts
for thie class of behavior it comes to control-
key pecking.
While the foregoing speculations are in

need of experimental support, the clear and
powerful control of pecking exerted by stim-
ulus-reinforcer contingencies in the present
experiment necessitates more careful analysis
of operant procedures that entail stimulus-
correlated reinforcement, even where the lat-
ter is not the focal point of the experimental

design. Moreover, such concerns are probably
not limited to key pecking in the pigeon, for
auto-shaping by means of stimulus-reinforcer
pairings has been reported with bobwhite
quail (Gardner, 1969), rhesus monkeys (Sid-
man and Fletcher, 1968), fish (Squier, 1969),
rats, (Smith, Borgen, Davis, and Pace, 1971;
Peterson, Ackil, Frommer, and Hearst, 1971)
and squirrel monkeys (Gamzu, 1972).
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